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Abstract. - Diagnosing hermaphroditism in teleost fish requires careful assessment and is particularly challeng¬ 
ing in groupers. Established, reliable criteria to detect functional protogynous hermaphroditism were used to col¬ 
lect data on sexual pattern in six minimally studied grouper populations on the continental shelf of the Yucatan 
Peninsula. Individuals in the process of changing sex (transitional individuals), considered strongly indicative 
of protogyny, were observed. Functional protogynous hermaphroditism was confirmed for Epinephelus morio 
(Valenciennes, 1828) and Mycteroperca venenosa (Linnaeus, 1758), and for populations of Epinephelus guttatus 
(Linnaeus, 1758), Mycteroperca bonaci (Poey, 1860) and Mycteroperca tigris (Valenciennes, 1833) from the 
southern Gulf of Mexico. Although Mycteroperca microlepis (Goode & Bean, 1880) has been confirmed as pro- 
togynic in previous studies, distinctive transitional individuals were not identified in the analysed sample. Tran¬ 
sitional individual rates were low in the studied sample: 1.0% for E. morio; 0.5% for E. guttatus and M. bonaci; 
0.6% for M. tigris ; and 0.2% for M. venenosa. Timing of sex change in these grouper species did not exhibit any 
seasonal pattern. For E. morio, M. bonaci and M. microlepis, the lack of primary males or bisexual individu¬ 
als among juveniles collected from inshore waters, and the presence of morphological features characteristic of 
secondary males in testes from adults collected from offshore waters, suggest monandry in the southern Gulf of 
Mexico populations of these three species. 
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Resume. - Confirmation de Phermaphrodisme fonctionnel chez six especes de merou (Epinephelidae: Epine¬ 
phelinae) du golfe du Mexique. 

Le diagnostic de Phermaphrodisme chez les poissons exige une evaluation soigneuse et est particulierement 
difficile a realiser chez les merous. Les criteres les plus surs pour detecter Phermaphrodisme protogyne fonction¬ 
nel chez les poissons ont ete utilises dans le but d’accroitre les connaissances sur le type de sexualite que presen- 
tent six especes de merous originaires de populations peu etudiees de la plateforme continentale de la peninsule 
du Yucatan. Des individus en cours de changement de sexe (individus en inversion sexuelle), consideres comme 
un critere robuste pour Pidentification de la protogynie, ont ete observes. Le diagnostic de Phermaphrodisme 
protogyne fonctionnel a done ete continue chez Epinephelus morio (Valenciennes, 1828) et Mycteroperca vene- 
nosa (Linnaeus, 1758) ainsi que chez les populations d’ Epinephelus guttatus (Linnaeus, 1758), de Mycteroperca 
bonaci (Poey, 1860) et de Mycteroperca tigris (Valenciennes, 1833) du sud du golfe du Mexique. Bien que la 
protogynie ait ete confirmee dans des etudes anterieures pour Mycteroperca microlepis (Goode & Bean, 1880), 
il n’a pas ete possible d’identifier des individus en inversion sexuelle dans la population de cette espece du sud 
du golfe du Mexique. Lorsque des individus en inversion sexuelle sont observes, ceux-ci sont presents en faibles 
pourcentages dans les echantillonnages: 1,0% pour E. morio; 0,5% pour E. guttatus et M. bonaci; 0,6% pour 
M. tigris et 0,2% pour M. venenosa. La periode a laquelle se produit le changement de sexe chez ces especes 
n’est generalement pas liee a un cycle saisonnier. Pour E. morio, M. bonaci et M. microlepis Pabsence de males 
primaires et d’individus bisexuels chez les juveniles collectes dans les eaux coheres et la presence de structures 
morphologiques caracteristiques des males secondaires dans les testicules d’adultes collectes en eaux profondes, 
laissent supposer que les populations de ces trois especes du sud du golfe du Mexique sont monandriques. 


Diagnosis of hermaphroditism in teleost fish requires 
careful assessment. A population or species is considered 
to be functionally hermaphroditic if at some point(s) during 
its life cycle, a substantial proportion of individuals func¬ 
tions as both sexes, either simultaneously, sequentially (sex 
changers), or serially (bidirectional and cyclical sex chang¬ 
ers). Sequential hermaphroditism, especially protogyny (i.e. 
a functional female to a functional male sex change) is par¬ 
ticularly common in shallow tropical marine reef habitats 


and among the perciforms. Protogyny generally occurs in 
two forms. In the first, all males are derived from functional 
females (i.e. secondary males) in what is called monandry, 
or a single pathway of male development. In the second, 
some males are male at first maturation (i.e. primary males), 
while others arise from a sex change in functional females 
(secondary males); this is called diandry, or two pathways 
of male development (Sadovy and Shapiro, 1987; Sadovy de 
Mitcheson and Liu, 2008). 
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In the past, protogyny has been diagnosed using at least 
ten different gonad histology and population structure fea¬ 
tures in various combinations (Shapiro, 1987). However, 
many of the criteria used in earlier studies have been recon¬ 
sidered in the light of new findings. Two features are current¬ 
ly considered strongly indicative of protogyny: 1) detailed 
gonadal histological series showing various stages of sexual 
transition; and 2) field or laboratory observations of func¬ 
tional sex change in identified individuals. Definitive evi¬ 
dence for protogyny via histological examination of gonads 
is confirmed by identification of transitional individuals with 
gonads containing degenerating ovarian tissue and prolif¬ 
erating testicular tissue; and/or secondary males with testes 
containing sperm sinuses within the gonadal capsule and a 
remnant of the former ovarian membrane-lined central cav¬ 
ity not used for sperm transport. Yellow bodies and oocytes 
in testes are non-specific features. If used alone, population 
structure features such as bimodal size-frequency distribu¬ 
tions (with males larger than females), or sex-ratios differ¬ 
ing from unity are not reliable indicators of sexual pattern 
(Sadovy and Shapiro, 1987; Sadovy de Mitcheson and Liu, 
2008). 

Protogyny is a salient feature of grouper (Epinephe- 
lidae; Epinephelinae; Smith and Craig, 2007) reproduction 
and is confirmed in the genera Cephalopholis, Epinephelus, 
Mycteroperca and Plectropomus (Sadovy and Shapiro, 1987; 
Sadovy de Mitcheson and Liu, 2008). However, confirma¬ 


tion of sexual pattern in groupers is rather challenging. In a 
number of species, some testes are secondary in configura¬ 
tion but do not necessarily pass through a functional female 
phase (e.g. Epinephelus andersoni Boulenger, 1903; Fen- 
nessy and Sadovy, 2002). Consequently, testicular morphol¬ 
ogy alone is not always strongly indicative of protogyny in 
groupers. In this case, detection of transitional individuals in 
natural populations in conjunction with experimental induc¬ 
tion of sex change in the field or laboratory, when possible, 
are the only reliable indicators for detecting protogyny. It is 
also quite often difficult to distinguish diandry from monan¬ 
dry in groupers based solely on testicular morphology analy¬ 
sis (Sadovy de Mitcheson and Liu, 2008). 

Twenty-one grouper species are known in the waters 
of Mexico. They are the most important demersal finfish 
resource exploited in the southern Gulf of Mexico, par¬ 
ticularly on the continental shelf of the Yucatan Peninsula 
(Campeche Bank) (SAGARPA, 2012). In this region, grouper 
stocks are currently considered fully exploited, and certain 
species are overexploited, such as red grouper Epinephelus 
morio (Valenciennes, 1828), the most heavily captured spe¬ 
cies (Fernandez et al., 2010). Except for E. morio, the status 
of other specific grouper stocks remains unknown. Adequate 
management of any grouper fishery involves developing 
precautionary measures to prevent depletion, for which data 
on the sexual pattern of each grouper species is critical. Her¬ 
maphroditic populations may respond differently to fishing 



Figure 1. - Sample collection areas for Epinephelus morio, Mycteroperca bonaci and Mycteroperca microlepis in 
inshore (•) and offshore (•) waters, and for Epinephelus guttatus, Mycteroperca tigris and Mycteroperca venenosa 
at (O) Arrecife Alacranes (22°21’44’'N to 22°35’12”N; 89°36’30”W to 89°48’00”W) and (O) Bajos del Norte 
(23°20’N; 88°45’W), on Campeche Bank, southern Gulf of Mexico. Inshore water sites were: 1: Celestun; 2: Sisal; 
3: Progreso; 4: Telchac Puerto ; 5: Dzilam de Bravo; 6: San Felipe; 7: Rio Lagartos; 8: El Cuyo; 9: Punta Caracol. 
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pressure than gonochoristic ones (Bannerot et al., 1987). 
Protogyny poses a particular problem for rational fishery 
management. On average, grouper males tend to be larger 
than females, creating the possibility that size-selective fish¬ 
ing mortality results in differential loss of larger males. Con¬ 
sequently, an insufficient number of males may remain in 
the reproductive population to fertilize eggs from females, 
causing an overall reduction in a population’s reproductive 
output (Shapiro, 1987; Sadovy, 1996; Coleman et al., 1999). 

The present study objective was to generate sexual pat¬ 
tern data for six commonly captured but minimally studied 
grouper populations on Campeche Bank, Mexico: the rocky- 
bottom species E. morio, black grouper Mycteroperca bona- 
ci (Poey, 1860) and gag Mycteroperca microlepis (Goode & 
Bean, 1880); and the coral-reef species rock hind Epinephe- 
lus guttatus (Linnaeus, 1758), tiger grouper Mycteroperca 
tigris (Valenciennes, 1833) and yellowfin grouper Myctero¬ 
perca venenosa (Linnaeus, 1758). 

MATERIALS AND METHODS 
Sample collection 

Data were obtained from different areas of the broad 
shallow carbonate continental shelf of the Yucatan Peninsu¬ 
la, known as Campeche Bank (Fig. 1). Water characteristics 
in the region are influenced by a seasonal upwelling, which 
produces a dynamic uplift of the Caribbean Subtropical 
Underwater (CSUW) along its eastern margin that reaches 
maximum intensity between April and June (Merino, 1997). 
As a consequence, mean bottom water temperature on 


Campeche Bank is lower in summer (20.5 C in July) than 
in winter (24°C in December and January) (Pineiro et al., 
2001). During summer, a salty (~36.5) and warm (> 26°C) 
water mass is present in the coastal zone of the Yucatan and 
forms a strong stratification with the CSUW, which remains 
in the East and offshore, close to the bottom (Enriquez et al., 
2013). Campeche Bank represents one of the main commer¬ 
cial exploitation areas for groupers in the Gulf of Mexico 
(Stevenson, 1981). 

Grouper specimens were collected monthly from fish¬ 
ery-independent or -dependent catches, during several time 
periods between August 1988 and October 2009 (Tab. I). 
Since E. morio, M. bonaci and M. microlepis are depth- 
size distributed, specimens of these species were collected 
from rocky bottom in both offshore (30-210 m depth) and 
coastal inshore (1-27 m depth) waters of Campeche Bank. 
Specimens of the reef-associated E. guttatus, M. tigris and 
M. venenosa were collected at two coral reefs north of the 
Yucatan coast: Arrecife Alacranes (15-27 m depth; 130 km 
from the coast) and Bajos del Norte (10-18 m depth, 254 km 
from the coast). Arrecife Alacranes is a large emergent cor¬ 
al-reef system, and Bajos del Norte a submerged bank reef. 
Epinephelus guttatus forms spawning aggregations at both 
reefs while M. tigris and M. venenosa do so only at Bajos 
del Norte (Tuz-Sulub and Brule, 2015). Fishing gear includ¬ 
ed long-lines for offshore catches, and hook-and-line, spear 
guns or trawl nets for inshore and coral reef catches. 

Fish and gonad analysis 

For all the collected fish, measurements were taken of 
body length at the caudal fork (FL; nearest 0.1 cm), whole 


Table I. - Number, sex and size range of six grouper species collected between August 1988 and October 2009 on the continental shelf of 
the Yucatan Peninsula (Campeche Bank). a : Fishery-independent collections; b : Fishery-dependent collections; *: Specimens with gonads 
containing both ovarian and testicular tissue in varying proportions (presumed transitional individuals). 



Sex 


Collection 

Female 

Female/male" 

Male 

Species 

Area 

Date 

N 

Size range 

N 

Size range 

N 

Size range 


(cm FL) 

(cm FL) 

(cm FL) 

E. guttatus 

Arrecife Alacranes 3 

Feb. 2008-Oct. 2009 

216 

20.5-48.5 

3 

21.1-35.5 

191 

26.3-49.0 


Bajos del Norte b 

485 

24.5-51.0 

6 

39.5-50.0 

889 

28.0-57.5 

E. morio 

Inshore waters 3 

Aug. 1988-Sep. 1993 

329 

12.3-55.5 

0 

- 

0 

- 


Offshore waters’ 1 

Jun. 1989-Apr. 1992 

676 

38.9-85.4 

11 

50.9-72.7 

199 

41.0-88.0 



Apr. 1996-Jan. 1998 

270 

39.0-80.0 

4 

51.0-62.5 

139 

44.1-89.0 



Feb-Mar. 2003 

195 

32.0-78.8 

3 

40.8-52.5 

57 

35.5-80.0 

M. bonaci 

Inshore waters 3 

Nov. 1998-May. 1999 

39 

25.6-58.0 

0 

- 

0 

- 


Offshore waters’ 5 

Apr. 1996-May. 1999 

661 

57.0-123.5 

5 

99.0-121.5 

214 

86.0-132.0 

M. microlepis 

Inshore waters 3 

Dec. 1999-Dec. 2001 

107 

9.0-49.0 

0 

- 

0 

- 


Offshore waters’ 5 

Apr. 1996-Apr. 1999 

161 

49.5-111.0 

2 

85.0; 96.0 

49 

95.0-116.0 

M. tigris 

Arrecife Alacranes 3 

Feb. 2008-Oct. 2009 

82 

19.5-61.5 

0 

_ 

4 

55.0-75.0 

Bajos del Norte b 

243 

35.5-71.1 

7 

45.0-67.5 

289 

38.0-81.0 

M. venenosa 

Arrecife Alacranes 3 

Feb. 2008-Oct. 2009 

231 

19.8-102.0 

0 

_ 

4 

34.0-89.0 


Bajos del Norte b 

1222 

34.4-94.0 

4 

44.0-76.0 

157 

42.5-98.5 
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Figure 2. - Histological sections of gonads from five groupers from Campeche Bank (Gabe and Martoja’s one-step trichrome stain). A: 
Mycteroperca venenosa , female in regressing reproductive phase (71.5 cm FL), collected April 2009 at Bajos del Norte, showing atretic 
follicles in intermediate and advanced atretic stages. B: Mycteroperca microlepis, female in regenerating reproductive phase (97.0 cm 
FL), collected July 1998 in offshore waters, showing muscle bundles. C: Epinephelus guttatus, transitional individual (50.0 cm FL), col¬ 
lected February 2009 at Bajos del Norte, showing atretic follicles in advanced atretic stage and crypts of spermatocytes and spermatozoa. 
D: Epinephelus morio, transitional individual (40.5 cm FL), collected February 2003 in offshore waters, showing remnant of the former 
ovarian lumen, atretic follicles in advanced atretic stage, muscle bundles and crypts of spermatocytes. E: Mycteroperca tigris, transi¬ 
tional individual (48.2 cm FL), collected June 2008 at Bajos del Norte, showing remnant of the former ovarian lumen, atretic follicles in 
advanced atretic stage, muscle bundles and crypts of spermatocytes. F: Mycteroperca bonaci, transitional individual (121.5 cm FL), col¬ 
lected December 1997 in offshore waters, showing remnant of the former ovarian lumen, muscle bundle and crypts of spermatogonia and 
spermatocytes. G-H: Mycteroperca venenosa , transitional individual (55.0 cm FL), collected January 2009 at Bajos del Norte, showing 
muscle bundle and crypts of spermatogonia, spermatocytes and spermatozoa (G); and sperm sinus within gonad capsule (H). AF: atretic 
follicle; AAS: advanced atretic stage; IAS: intermediate atretic stage; GC: gonadal capsule; L: lumen; MB: muscle bundle; PG: primary 
growth oocyte; Sc: spermatocyte; Sg: spermatogonia; SS: sperm sinus; Sz: spermatozoa. Scale bars = 50 pm. 
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Figure 3. - Histological sections of gonads of Mycteroperca mic- 
rolepis individual (85.0 cm FL), collected May 1996 in offshore 
waters of the Campeche Bank (Gabe and Martoja’s one-step tri¬ 
chrome stain). Individual most likely male, showing remnant of 
the former ovarian lumen, numerous crypts of spermatogonia, and 
some muscle bundles and remnant primary growth oocytes. L: 
lumen; MB: muscle bundle; PG: primary growth oocyte; Sg: sper¬ 
matogonia. Scale bar = 50 pm. 

body weight (WW; nearest 1 g), gutted weight (GW; near¬ 
est 1 g), and fresh gonad weight (gW; nearest 0.01 g). A 
gonad fragment from each individual was prepared for light 
microscopy. In Epinephelus and Mycteroperca individuals, 
the entire gonad is an admixture of ovarian and testicular tis¬ 
sue ( Epinephelus type). The presumptive testicular tissue is 
scattered in the form of crypts throughout the epithelial layer 
of the ovarian lamellae (Smith, 1965). A piece of a trans¬ 
verse section from the median portion of one gonad from 
each specimen was removed and preserved in Bouin fluid 
for six to seven days. Fixed gonad samples were then dehy¬ 
drated and embedded in paraffin or Paraplast. Four to five 
histological sections per gonad were thin-sectioned (6 pm) 
and stained in Gabe and Martoja’s one-step trichrome stain 
(Gabe, 1968). Histological slides were viewed on a Leica 
DM2700 M RL/TL microscope and gonad section images 
taken with a Leica MCI 170 HD camera and processed with 
the Leica LAS software. 

Sex (male, female or transitional) and gonad develop¬ 
mental stage were recorded for each specimen by micro¬ 
scopic examination of gonad structure. The criteria used to 
define sexual pattern in the six studied grouper species were 
those proposed by Sadovy and Shapiro (1987) and updated 
by Sadovy de Mitcheson and Liu (2008) for characteriz¬ 
ing hermaphroditism in teleost fish. Histological sections 
of gonads were scanned to detect transitional individuals 
in protogynous species; these were defined as individuals 
with gonads containing degenerating ovarian tissue or mus¬ 
cle bundles and proliferating testicular tissue. Degenerating 
ovarian tissue in gonads is characterized by the presence of 


atretic follicles (i.e. atretic vitellogenic oocytes) (Fig. 2A). 
Muscle bundles are blood vessels surrounded by connective 
and muscle tissue, located in the centre region of the ovar¬ 
ian lamellae. These structures are indicative of prior spawn¬ 
ing as a female, and become evident after expansion and 
subsequent post-spawning collapse of the ovarian lamellae 
(Fig. 2B). Proliferating testicular tissue in gonads is char¬ 
acterized by the presence of crypts or clusters of sperma¬ 
tocytes, spermatids or spermatozoa (Sadovy and Shapiro, 
1987; Shapiro et al., 1993; Fennessy and Sadovy, 2002; 
Brown-Peterson et al., 2011). Histological examination also 
allowed calculation of the proportions of males with testes 
containing a previous ovarian membrane-lined central cav¬ 
ity (i.e. lumen), sperm sinuses within gonadal capsule and 
remnant oocytes. The gametogenesis stages used for males 
were based on Moe (1969), while those for females were 
based on Wallace and Selman (1981). Gonadal development 
was analyzed based on the reproductive phases defined by 
Brown-Peterson et al. (2011). The individual gonadosomatic 
index [GSI = 100 * (gW/GW)] was calculated. 

Statistical analysis 

Analyses were also done of mean or median sizes in 
males and females, size-frequency distribution by sex, and 
sex ratio. A one-sized test or a Mann-Whitney nonparametric 
test were applied to compare mean or median sizes between 
males and females, and a Kolmogorov-Smirnov nonpara¬ 
metric test was applied to compare size frequency distribu¬ 
tions by sex. Sex ratio was calculated using the number of 
females to each male (F:M), excluding individuals in sexual 
transition. A Pearson chi-square goodness-of-fit test was 
applied to determine if the calculated sex ratio differed from 
the balanced sex ratio (1:1). Nonparametric statistics were 
used when mean and standard deviation based on normal 
theory did not apply. Statistical analyses were run with SYS- 
TAT Statistics version 8.0 (www.systat.com) or INFOSTAT 
(www.infostat.com.ar), with an a of 0.05. 

RESULTS 

Among the six studied species (N tota i = 7,154), 45 indi¬ 
viduals had gonads containing both ovarian and testicu¬ 
lar tissue: nine for E. guttatus\ 18 for E. morio; five for 
M. bonacv, two for M. microlepis', seven for M. tigris ; and 
four for M. venenosa (Tab. I). All these gonads exhibited a 
distinctive ovarian structure. The lumen was lined with ger¬ 
minal epithelium forming the surface layers of a series of 
lamellae. Ovarian and testicular tissues in diverse develop¬ 
mental stages were scattered in varying proportions inside 
the lamellae, surrounded loosely by connective tissue and 
blood vessels. Primary growth oocytes were always present 
in these gonads, except in one E. guttatus specimen (50.0 cm 
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Table II. - Histological features, size range and month of capture for specimens of six grouper species collected on Campeche Bank 
between August 1988 and October 2009, with gonads containing both ovarian and testicular tissue in varying proportions. PG oocytes: pri¬ 
mary growth oocytes; Sg: spermatogonia; Sc: spermatocytes; St: spermatids; Sz: spermatozoa. *: Specimens not considered as transitional 
individuals. +: observed; (+): observed in most individuals; -: not observed. 



Histological features 

N 


Ovarian tissue 

Muscle 

bundles 

Testicular 

tissue 

Gonadal structure 

Species 

PG 

oocytes 

Atretic 

follicles 

Crypts 

Ovarian-like 

lumen 

Sperm 

sinuses 

Fork length 
range (cm) 

Month of 
capture 

Sg 

Sc 

St 

Sz 

E. guttatus 

(+) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

4 

39.5-50.0 

Feb.; Apr.; May 


+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

4 

32.0-43.1 

May; Jun.; Oct. 


+ 

- 

- 

+ 

- 

- 

- 

+ 

- 

1* 

21.1 

Jan. 

E. morio 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

5 

40.5-59.4 

Feb.; Dec. 


+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

(+) 

10 

40.8-72.7 

Jan.; Feb.; Jun.; Aug.; 













Dec. 


+ 

- 

- 

+ 

+ 

- 

+ 

+ 

- 

3* 

50.9-53.0 

Jun.; Aug. 

M. bonaci 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

99.0-121.5 

Jan.; Mar; Nov.; Dec. 


+ 

- 

+ 

+ 

- 

- 

- 

+ 

- 

1* 

103.0 

Sep. 

M. microlepis 

+ 

- 

+ 

+ 

- 

- 

- 

+ 

- 

2* 

85.0; 96.0 

May; Jun. 

M. tigris 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

- 

1 

48.2 

Jun. 


+ 

- 

+ 

+ 

+ 

- 

- 

+ 

- 

2 

54.0-67.0 

Sep.; Oct. 


+ 

- 

+ 

+ 

- 

- 

- 

+ 

- 

3* 

46.0-49.0 

Aug.; Sep. 


+ 

- 

- 

+ 

+ 

- 

- 

+ 

- 

1* 

40.5 

Jun. 

M. venenosa 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

44.0-76.0 

Jan.; Sep.; Dec. 


+ 

- 

+ 

+ 

- 

- 

- 

+ 

- 

1* 

69.5 

Aug. 


FL). Ten individuals (four E. guttatus [GSI range = 0.35- 
1.04%]; five E. morio [GSI = 0.26-0.53%]; and one M. tigris 
[GSI = 0.16%]) had gonads containing atretic follicles, mus¬ 
cle bundles and crypts of spermatogonia, spermatocytes and 
eventually spermatids and spermatozoa (Tab. II). In all cases, 
the atretic follicle stage observed in the gonads was charac¬ 
terized by large intercellular cavities (Fig. 2C, D, E). Twen¬ 
ty-three specimens (ten E. morio [GSI = 0.12-0.47%]; four 
E. guttatus [GSI = 0.06-0.29%]; four M.bonaci [GSI = 0.04- 
0.21]; three M. venenosa [GSI = 0.12%; N = 1]; and two 
M. tigris [GSI = 0.18% and 0.23%]) had muscle bundles 
and crypts of spermatogonia, spermatocytes, and eventu¬ 
ally spermatids and spermatozoa, in their gonads (Fig. 2F, 
G; Tab. II). Sperm sinuses within the gonadal capsule could 
be observed in three of these individuals (Fig. 2H): one 
E. morio (72.7 cm FL); one M. honaci (99.0 cm FL); and one 
M. venenosa (55.0 cm FL). The remaining twelve fish (four 
M. tigris [GSI = 0.13-0.17%]; three E. morio [GSI = 0.07- 
0.11%]; two M. microlepis [GSI = 0.05 and 0.20%]; one 
E. guttatus [GSI = 0.07%]; one M. bonaci [GSI = 0.28%]; 
and one M. venenosa [GSI = 0.35%]) had either muscle bun¬ 
dles with crypts of spermatogonia (Lig. 3) or only crypts of 
spermatogonia and spermatocytes in their gonads (Tab. II). 
These last twelve specimens cannot be considered transi¬ 
tional individuals because their gonads had either degenerat¬ 
ing ovarian tissue without evidence of proliferating testicular 


tissue, or proliferating testicular tissue without evidence of 
degenerating ovarian tissue. With the exception of M. micro¬ 
lepis, the above results are strong evidence of the presence of 
transitional individuals in five of the studied species: E. gut¬ 
tatus (Ntotal = 8; N Arrecife Alacranes = 2 and ABajosdel Norte = 6), 

E. morio (N = 15); M. bonaci (N = 4); M. tigris (N = 3), and 
M. venenosa (N = 3). 

Based on these data, the overall rate of transitional indi¬ 
viduals in the study sample from Campeche Bank was 0.5% 
for E. guttatus (0.5% at Arrecife Alacranes and 0.4% at 
Bajos del Norte); 1.0% for E. morio and 0.5% for M. bona¬ 
ci (offshore waters); and 0.6% for M. tigris and 0.2% for 
M. venenosa (Bajos del Norte). Depending on the species, 
transitional individuals were observed in collections during 
three (M. venenosa ) to seven (E. morio) months of the year 
(Tab. II).Transitional individuals never occurred in inshore 
waters of Campeche Bank; only juvenile E. morio, M. bona¬ 
ci and M. microlepis females were observed in this area. Nei¬ 
ther M. tigris nor M. venenosa were observed to aggregate 
for spawning at Arrecife Alacranes, and no transitional indi¬ 
viduals of these two species were caught at this site (Tab. I). 

In all the examined groupers, a membrane-lined central 
cavity similar to that present in the ovaries was observed in 
the testes of most males (range: 60-100%). Sperm sinuses 
within the gonadal capsule were identified in 37% to 93% 
of males. In most of the studied species, primary growth 
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oocytes were present in the testes of no more than 2.5% of 
the males. The notable exceptions were the presence of these 
remnant ovarian cells in 13% of M. bonaci males and 78% to 
100% of E. morio males (Tab. III). 

In all six species, mean or median FL was lower for 
females than for males, and male size range differed sig¬ 
nificantly from that of females. Generally, the overall F:M 
ratio was significantly biased in favor of females, although 
at Arrecife Alacranes E. guttatus exhibited a balanced sex 


ratio, and at Bajos del Norte more males than females were 
recorded for E. guttatus and M. tigris (Tab. IV). 

DISCUSSION 

In protogynous groupers, testicular tissue arises sporadi¬ 
cally throughout the germinal epithelia of ovarian lamel¬ 
lae. Consequently, determining the functional sexual pat¬ 
tern in these fishes requires detection of gonads in transition 
between female and male function (Sadovy de 
Mitcheson and Liu, 2008). This essential criteri¬ 
on was clearly documented in five of the grouper 
species analysed here. Transitional individuals 
were unambiguously identified in populations 
of E. guttatus, E. morio, M. bonaci, M. tigris and 
M. venenosa from Campeche Bank. Gonads in 
transitional specimens contained atretic follicles 
and/or muscle bundles, both features indicative of 
prior female function (Sadovy and Shapiro, 1987; 
Shapiro et al., 1993; Fennessy and Sadovy, 2002), 
intermixed with proliferating testicular tissue, 
including spermatocytes, spermatids and sperma¬ 
tozoa. Most of the atretic follicles in these gonads 
exhibited morphological characteristics similar to 


Table III. - Percentage of males with testes showing strong (lumen and sperm 
sinuses) and weak (remnant PG oocytes) evidences for protogyny, for six 
grouper species collected on Campeche Bank. 1 : Arrecife Alacranes and Bajos 
del Norte collections; 2 : Offshore collections; N = number of males. 




Testis morphology 


Species 

N 

Lumen 

Sperm 

sinuses 

Remnant PG 
oocytes 

Date 

of collection 

E. guttatus 1 

1080 

87% 

77% 

2.5% 

Feb. 2008-Oct. 2009 

E. morio 2 

199 

100% 

60% 

78% 

Jun. 1989-Apr. 1992 


139 

100% 

77% 

86% 

Apr. 1996-Jan. 1998 


57 

100% 

70% 

100% 

Feb.-Mar. 2003 

M. bonaci 2 

214 

76% 

37% 

13% 

Apr. 1996-May 1999 

M. microlepis 2 

49 

88% 

49% 

2% 

Apr. 1996-Apr. 1999 

M. tigris 1 

289 

88% 

75% 

1.4% 

Feb. 2008-Oct. 2009 

M. venenosa 1 

157 

60% 

93% 

1.9% 

Feb. 2008-Oct. 2009 


Table IV. - Statistical analyses of specimens of six grouper species collected on Campeche Bank between June 1989 and October 2009: 
one-sized (Z) and Mann-Whitney (H) tests used to compare mean and median sizes between males and females; Kolmogorov-Smirnov 
(KS) test used to compare size frequency distributions by sex; and Pearson chi-square (x 2 ) test used to determine if the calculated sex 
ratio differed from the balanced sex ratio (1:1). N: sample size; SD: standard deviation; F:M: number of females to each male. *: Arrec¬ 
ife Alacranes collections; 2 : Bajos del Norte collections; 3 : Offshore collections; a : June 1989-April 1992; b : April 1996-January 1998; 3 : 
February-March 2003. Bold italics indicate statistical significance (p < 0.05). 


Species 

Sex 

N 

Fork length (cm) 

Sex ratio 

Mean ± SD 

Median 

Z 

H d ,=i 

KS 

F:M 

X 2 

E. guttatus 

Female 1 

Male 1 

216 

191 

35.5 ±4.9 

39.5 ±4.0 

35.5 

40.0 

- 

109255 

0375 

1.13:1.00 

1.5 

Female 2 

Male 2 

485 

889 

39.2 ±4.1 

43.2 ±3.6 

39.0 

43.0 

- 

97547.0 

0.429 

0.55:1.00 

118.8 

E. morio 3 

Female 3 

Male 3 

676 

199 

59.9 ±8.8 

67.3 ± 10.8 

59.0 

66.6 

424 

- 

0.288 

3.39:1.00 

260.0 

Female b 

Male b 

270 

139 

55.0 ± 8.2 

61.9 ± 12.1 

53.5 

58.0 

- 

12571.5 

0.237 

1.94:1.00 

42.0 

Female 3 

Male 3 

195 

58 

46.7 ±9.5 

52.4 ± 13.0 

43.5 

47.5 

- 

4165.0 

0284 

3.36:1.00 

742 

M. bonaci 3 

Female 

Male 

661 

214 

96.6 ± 12.1 

114.6 ±7.1 

98.0 

114.0 

26.71 

- 

0.070 

3.27:1.00 

228.4 

M. microlepis 3 

Female 

Male 

161 

49 

90.7 ± 10.3 

104.7 ±3.9 

93.0 

105.0 

14.19 

- 

0.146 

3.29:1.00 

59.7 

M. tigris 2 

Female 

Male 

243 

289 

48.9 ±7.1 

56.0 ±7.3 

48.0 

56.0 

- 

116.0 

0.420 

0.84:1.00 

4.0 

M. venenosa 2 

Female 

Male 

1222 

157 

58.4 ±8.8 

73.7 ± 10.4 

58.0 

75.0 

~ 

222.4 

0.620 

7.78:1.00 

822.5 
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follicles undergoing advanced atresia in the ovaries of the 
simultaneous hermaphrodite S erranus cabrilla (Linnaeus, 
1758) (Febvre, 1975) and of other teleost species (Lambert, 
1970; Miranda et al., 1999). For each of these five species, 
transitional individuals had low GSI values similar to those 
found in immature females or mature females in regress¬ 
ing or regenerating reproductive phases (Brule et al., 1999, 
2003a, b; Caballero-Arango, 2013; Caballero-Arango et al., 
2013). The highest GSI values were observed in E. morio 
(0.53%) and E. guttatus (1.04%), in two transitional indi¬ 
viduals exhibiting gonads containing degenerating ovarian 
tissue (i.e. atretic follicles) and structures indicative of prior 
spawning as a female (i.e. muscle bundles). 

Protogynous hermaphroditism was first proposed by 
Smith (1959) for E. guttatus, M. bonaci, M. tigris and 
M. venenosa; by McErlean and Smith (1964) for M. micro¬ 
lepis', and by Moe (1969) for E. morio. More recently, the 
criteria proposed by Sadovy and Shapiro (1987) have been 
applied to confirm functional hermaphroditism in E. gut¬ 
tatus from Puerto Rico (Shapiro et al., 1993), in M. bonaci 
from the Florida Keys and Florida’s Gulf coast (Crabtree 
and Bullock, 1998), and in M. microlepis from the eastern 
and northeastern Gulf of Mexico (Collins et al., 1987,1998; 
Flood and Schlieder, 1992; Koenig et al., 1996). In Cuba, 
Garcra-Cagide et al. (1999) identified three transitional 
M. tigris individuals, confirming protogyny in this species. 
The present results confirm the diagnosis of functional pro¬ 
togynous hermaphroditism for the species E. morio and 
M. venenosa, and for populations of E. guttatus, M. bonaci 
and M. tigris from the southern Gulf of Mexico. Although 
protogyny has been confirmed for M. microlepis in previous 
studies, distinctive transitional individuals were not identi¬ 
fied among the studied specimens from the M. microlepis 
population of Campeche Bank, probably because the total 
analysed offshore sample size for this species was too small 
(N = 212). Normally, relatively small numbers of transi¬ 
tional gonads are observed in grouper species from the Gulf 
of Mexico and Caribbean Sea such as E. guttatus (Shapiro 
et al., 1993), E. morio (Moe, 1969; Collins et al., 2002), 
M. bonaci (Crabtree and Bullock, 1998), and M. microlepis 
(Collins et al., 1987; Hood and Schlieder, 1992; Koenig et 
al., 1996). This is also the case for Epinephelus margina- 
tus (Lowe, 1834) in the south-western Atlantic (Condini 
et al., 2014). Notwithstanding, higher rates of transitional 
individuals were observed for other groupers as Epinephe¬ 
lus aeneus (E. Geoffroy Saint-Hilaire, 1917) (6.1%) and 
Epinephelus guaza (= E. marginatus Lowe, 1834) (2.2%) 
from the Mediterranean Sea (Brusle and Brusle, 1975), and 
Epinephelus microdon (= E. polyphekadion Bleeker, 1849) 
(6%) from the Tuamotus (French Polynesia) (Brusle et al., 
1992). One explication for the low frequency of transitional 
individuals in field collections is that sex change in groupers 
is probably completed rapidly. Another possibility is that 


transitional individuals are not detected because male/female 
tissue distribution within the hermaphrodite gonad may be 
along a posterior-anterior gradient in some individuals. If 
histological sections were not taken throughout each gonad, 
the transitional condition would be missed under these cir¬ 
cumstances. However, this kind of gonadal structure is never 
seen in groupers; indeed, their germinal tissue configuration 
is of the undelimited type in which male and female tissues 
are not topographically separated but intermixed throughout 
the entire gonad during sex reversal (Shapiro, 1987; Sadovy 
and Shapiro, 1987). 

Sexual transition in groupers from Campeche Bank was 
observed during breeding and nonbreeding seasons in all 
species, except M. venenosa, for which transitional indi¬ 
viduals were recorded only during the nonbreeding season. 
In offshore waters of Campeche Bank, spawning peaks for 
E. morio, M. bonaci and M. microlepis occur between Jan¬ 
uary and March (Brule et al., 1999, 2003a, b). At Arrecife 
Alacranes and Bajos del Norte, E. guttatus forms spawn¬ 
ing aggregations between February and March. At Bajos 
del Norte, M. tigris forms aggregations from April-June and 
M. venenosa from March-May (Caballero-Arango, 2013; 
Caballero-Arango et al., 2013; Tuz-Sulub and Brule, 2015). 

Protogynous hermaphroditism in the studied grouper 
populations causes bimodal size-frequency distributions, 
with males larger than females, and an overall sex ratio 
biased in favour of females in most species. The asympto¬ 
matic sex ratio exhibited by E. guttatus at both reefs, and 
by M. tigris at Bajos del Norte, may result from differential 
movement of males and females into and out of spawning 
aggregations (Sadovy et al., 1994; Nemeth et al., 2007; Kad- 
ison et al., 2009). Size selectivity in fishing methods may 
also explain male dominance in collections (Sadovy et al., 
1994). 

In many protogynous groupers, lack of clear morpholog¬ 
ical distinction in testicular structure between primary and 
secondary males precludes distinguishing between the two 
male developmental pathways (Sadovy de Mitcheson and 
Liu, 2008). Most of the testes analysed here retained char¬ 
acteristics of a previous female phase, such as an ovarian- 
like membrane-lined central cavity and a lamellar structure, 
as well as developed sperm sinuses in the gonadal capsule. 
However, the examined males may not necessarily corre¬ 
spond to a secondary male stage since some, called func¬ 
tional primary male analogues (Robertson et al., 1982), 
may not have previously passed through a functional female 
phase (prematurational sex reversal situation; Sadovy and 
Shapiro, 1987). Nonetheless, absence of primary males or 
bisexual individuals in E. morio, M. bonaci and M. micro¬ 
lepis juveniles caught in inshore waters suggests that the 
Campeche Bank populations of these three species may be 
monandric. The scarcity of small juvenile individuals of 
E. guttatus, M. tigris and M. venenosa in collections taken at 
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Arrecife Alacranes and Bajos del Norte prevents any specu¬ 
lation about their monandry or diandry. Clearly distinguish¬ 
ing between the two male developmental pathways in these 
three grouper species will require histological examination 
of a much wider size range of juvenile specimens. 

Acknowledgments. - This research was funded by European Com¬ 
munity (EC) grant Cl*0432 ME(JR), the Science and Technology 
Council of the French Embassy in Mexico (CST) grant P 65000 
ME, and the Science and Technology Council of Mexico (CONA- 
CYT) grants 2184P-B9507, 37606-B; 49963/2411 and 225614. 
Collections were made possible through the SEMARNAP/S.S.S. 
24 de Febrero/CINVESTAV agreement for use of the fishing ves¬ 
sel UNICAP VII, and were authorized with fishing license No. 
0330400-213-03 from the SEMARNAP. Collections at Arrecife 
Alacranes and Bajos del Norte were authorized by fishing licenses 
DGOPA.04608.090508.1131 and DGOPA.08046.270709.2431 
from the SAGARPA/CONAPESCA. We thank two anonymous 
reviewers for providing helpful suggestions. 


REFERENCES 

BANNEROT S.P., FOX W.W. Jr. & POWERS J.E., 1987. - Repro¬ 
ductive strategies and the management of snappers and grou¬ 
pers in the Gulf of Mexico and Caribbean. In: Tropical Snap¬ 
pers and Groupers: Biology and Fisheries Management 
(Polovina J.J. & Ralston S., eds), pp. 561-603. Boulder, CO: 
Westview Press. 

BROWN-PETERSON N.J., WYANSKY D.M., SABORIDO-REY 
F.. MACEWICZ B.J. & LOWERRE-BARBIERI S.K., 2011. - 
A standardized terminology for describing reproductive devel¬ 
opment in fishes. Mar. Coast. Fish., 3: 52-70. 

BRULE T„ DENIEL C., COLAS-MARRUFO T. & SANCHEZ- 
CRESPO M., 1999. - Red Grouper reproduction in the southern 
Gulf of Mexico. Trans. Am. Fish. Soc., 128: 385-402. 

BRULE T„ RENAN X., COLAS-MARRUFO T„ HAUYON Y„ 
TUZ-SULUB A. & DENIEL C., 2003a. - Reproduction in the 
protogynous grouper Mycteroperca bonaci (Poey) from the 
southern Gulf of Mexico. Fish. Bull., 101: 463-475. 

BRULE T„ DENIEL C., COLAS-MARRUFO T. & RENAN X„ 
2003b. - Reproductive biology of gag in the southern Gulf of 
Mexico. J. Fish Biol., 63: 1505-1520." 

BRUSLE J. & BRUSLE S., 1975. - Ovarian and testicular inter¬ 
sexuality in two protogynous Mediterranean groupers, Epi- 
nephelus aeneus and Epinephelus guaza. In: Intersexuality in 
the Animal Kingdom (Reinboth R., ed.), pp. 222-227. New- 
York: Springer Verlag. 

BRUSLE-SICARD S„ DEB AS L„ FOURCAULT B. & FUCHS J., 
1992. - Ultrastructural study of sex inversion in a protogynous 
hermaphrodite, Epinephelus microdon (Teleostei, Serranidae). 
Reprod. Nutr. Dev., 32: 393-406. 

CABALLERO-ARANGO D.. 2013. - Estrategia reproductiva de 
tres especies de mero ( Epinephelus guttatus, Mycteroperca 
tigris y Mycteroperca venenosa) en arrecifes coralinos del 
Banco de Campeche, Mexico. PhD dissertation, Centro de 
Investigation y de Estudios Avanzados del Instituto Politecnico 
Nacional, Unidad Merida. Merida, Yucatan, Mexico. 

CABALLERO-ARANGO D.. BRULE T.. NOH-QUINONES V., 
COLAS-MARRUFO T. & PEREZ-DI'AZ E„ 2013. - Repro¬ 
ductive biology of the tiger grouper in the southern Gulf of 
Mexico. Trans. Am. Fish. Soc., 142: 282-299. 


COLEMAN F.C., KOENIG C.C., EKLUND A.M. & GRIMES 

C. B., 1999. - Management and conservation of temperate reef 
fishes in the grouper-snapper complex of the southeastern Unit¬ 
ed States. In: Life in the Low Lane: Ecology and Conservation 
of Long-Lived Marine Animals (Musick J.A., ed.), pp. 233- 
242. Bethesda. MD: American Fisheries Society, Symposium 
23. 

COLLINS M.R., WALTZ C.W., ROUMILLAT W.A. & STUBBS 

D. L., 1987. - Contribution to the life history and reproductive 
biology of gag, Mycteroperca microlepis (Serranidae), in the 
South Atlantic Bight. Fish. Bull., 85: 648-653. 

COLLINS M.R., JOHNSON A.G., KOENIG C.C. & BAKER M.S. 
Jr., 1998. - Reproductive patterns, sex ratio, and fecundity in 
gag, Mycteroperca microlepis (Serranidae), a protogynous 
grouper from the northeastern Gulf of Mexico. Fish. Bull., 96: 
415-427. 

COLLINS L.A., FITZHUGH G.R., LOMBARDI-CARLSON 
L.A., LYON H.M., WALLING W.T. & OLIVIER D.W., 2002. 
- Characterization of red grouper (Serranidae: Epinephelus 
morio ) reproduction from the eastern Gulf of Mexico. National 
Marine Fisheries Service, Panama City Laboratory, Contribu¬ 
tion Series 2002-07: 10 p. 

CONDINI M.V., FAVARO L.F., VARELA A.S. & GARCIA A.M., 
2014. - Reproductive biology of the dusky grouper ( Epinephe¬ 
lus marginatus) at the southern limit of its distribution in the 
south-western Atlantic. Mar. Freshw. Res., 65: 142-152. 

CRABTREE R.E. & BULLOCK L.H., 1998. - Age, growth, and 
reproduction of black grouper, Mycteroperca bonaci, in Florida 
waters. Fish. Bull. ,96: 735-753. 

ENRIQUEZ C., MARINO-TAPIA I.. JERONIMO G. & CAPUR- 
RO-FILOGRASSO L., 2013. - Thermohaline processes in a 
tropical coastal zone. Cont. Shelf Res., 69: 101-109. 

FEBVRE M., 1975. - Contribution a Tetude de Tatresie ovocytaire 
chez Serranus cabrilla Linne en captivite. Rev. Trav. Inst. 
Peches Marit., 39: 343-351. 

FENNESSY S.T. & SADOVY Y„ 2002. - Reproductive biology of 
a diandric protogynous hermaphrodite, the serranid Epinephe¬ 
lus andersoni. Mar. Freshw. Res., 53: 147-158. 

FERNANDEZ J.I.. ALVAREZ-TORRES P., ARREGUIN- 
SANCHEZ F„ LOPEZ-LEMUS L.G., PONCE G.. DIAZ-DE- 
LEON A., ARCOS-HUITRON E. & DEL MONTE-LUNA P„ 
2010. - Coastal fisheries of Mexico. In: Coastal Fisheries of 
Latin America and the Caribbean (Salas S., Chuenpagdee R., 
Charles A. & Seijo J.C., eds), pp. 231-284. FAO Fisheries and 
Aquaculture Technical Paper 544, Rome: FAO. 

GABE M., 1968. - Techniques histologiques. 1113 p. Paris: Mas¬ 
son. 

GARCfA-CAGIDE A.R., CLARO R. & GARCfA-ARTEAGA J.P., 
1999. - Biologfa del bonaci gato, Mycteroperca tigris (Pisces: 
Serranidae) en la plataforma SW de Cuba. I. Caracterlsticas 
generales y reproduction. Rev. Invest. Mar., 20: 8-14. 

HOOD P.B. & SCHLIEDER R.A., 1992. - Age, growth, and repro¬ 
duction of gag, Mycteroperca microlepis (Pisces: Serranidae), 
in the eastern Gulf of Mexico. Bull. Mar. Sci.,51: 337-352. 

KADISON E., NEMETH R.S. & BLONDEAU J.E., 2009. - 
Assessment of an unprotected red hind ( Epinephelus guttatus) 
spawning aggregation on Saba Bank in the Netherlands Anti¬ 
lles. Bull. Mar. Sci., 85: 101-118. 

KOENIG C.C., COLLINS L.A., SADOVY Y. & COLIN P.L., 
1996. - Reproduction in gag ( Mycteroperca microlepis ) (Pisces: 
Serranidae) in the eastern Gulf of Mexico and the consequences 
of fishing spawning aggregations. In: Biology, Fisheries and 
Culture of Tropical Groupers and Snappers (Arreguln-Sanchez 
F.. Munro J.L., Balgos M.C. & Pauly D., eds), pp. 307-323. 
ICLARM Conf. Proc. 48. 


Cybium 2016, 40(1) 


91 


Functional hermaphroditism in groupers 


Brule etal. 


LAMBERT J.G.D., 1970. - The ovary of the guppy, Poecilia reticu¬ 
lata. The atretic follicle, a corpus atreticum or a corpus luteum 
praeovulationis. Z. Zellforsch., 107: 54-67. 

McERLEAN A.J. & SMITH C.L., 1964. - The age of sexual suc¬ 
cession in the protogynous hermaphrodite Mycteroperca mic- 
rolepis. Trans. Am. Fish. Soc., 93: 301-302. 

MERINO M.. 1997. - Upwelling on the Yucatan shelf: hydrograph¬ 
ic evidence. J. Mar. Sys., 13: 101-121. 

MIRANDA A.C.L.. BAZZOLI N„ RIZZO E. & SATO Y„ 1999. - 
Ovarian follicular atresia in two teleost species: a histological 
and ultrastructural study. Tissue Cell., 31: 480-488. 

MOE M.A., 1969. - Biology of the red grouper Epinephelus morio 
(Valenciennes) from the eastern Gulf of Mexico. Fla. Dep. Nat. 
Resour. Mar. Res. Lab. Prof. Pap., 10: 1-95. 

NEMETH M., SCHARER M. & APPELDOORN R., 2007. - 
Observations of Mycteroperca venenosa from a spawning 
aggregation at Mona Island, Puerto Rico. Proc. Gulf Caribb. 
Fish. Inst., 59: 489-492. 

PINEIRO R., GIMENEZ E.. MORENO V., BURGOS R. & 
BETANZOS A., 2001. - Caracterfsticas termicas del Banco de 
Campeche. Cienc. Pesq., 15: 83-87. 

ROBERTSON R„ REINBOTH R. & BRUCE R.W., 1982. - Gono- 
chorism, protogynous sex-change and spawning in three spari- 
somatinine parrotfishes from the western Indian Ocean. Bull. 
Mar. Sci., 32: 868-879. 

SADOVY Y., 1996. - Reproduction of reef fishery species. In: Reef 
Fisheries (Polunin N.V.C. & Roberts C.M., eds), pp. 15-59. 
London: Chapman and Hall. 

SADOVY Y. & SHAPIRO D.Y., 1987. - Criteria for the diagnosis 
of hermaphroditism in fishes. Copeia, 1987: 136-156. 

SADOVY Y„ ROSARIO A. & ROMAN A., 1994. - Reproduction 
in an aggregating grouper, the red hind, Epinephelus guttatus. 
Environ. Biol. Fish, 41: 269-286. 


SADOVY DE MITCHESON Y. & LIU M„ 2008. - Functional her¬ 
maphroditism in teleosts. Fish. Fish. ,9: 1-43. 

SAGARPA, 2012. - Acuerdo por el que se da a conocer la actuali¬ 
zation de la Carta Nacional Pesquera. In: Diario Oficial de la 
Federation, Tomo DCCVII No. 18 (segunda section) (Lopez- 
Gonzalez A., ed.), pp. 21-128. Mexico D.F.: Secretaria de 
Gobemacion. 

SHAPIRO D.Y., 1987. - Reproduction in groupers. In: Tropical 
Snappers and Groupers: Biology and Fisheries Management 
(Polovina J.J. & Ralston S., eds), pp. 295-327. Boulder, CO: 
Westview Press. 

SHAPIRO D.Y., SADOVY Y. & McGEHEE M.A., 1993. - Perio¬ 
dicity of sex change and reproduction in the red hind, Epinephe¬ 
lus guttatus, a protogynous grouper. Bull. Mar. Sci., 53: 1151- 
1162. 

SMITH C.L., 1959. - Hermaphroditism in some serranid fishes 
from Bermuda. Pap. Mich. Acad. Sci. Arts Lett., 44: 111-119. 

SMITH C.L., 1965. - The pattern of sexuality and the classification 
of serranid fishes. Am. Mus. Novit., 2207: 1-20. 

SMITH W.L. & CRAIG M.T., 2007. - Casting the percomorph net 
widely: the importance of broad taxonomic sampling in the 
search for the placement of serranid and percid fishes. Copeia, 
2007: 35-55. 

STEVENSON D.K., 1981. - A review of the marine resources of 
the Western Central Atlantic Fisheries Commission (WECAFC) 
region. FAO Fish. Tech. Pap., 211: 1-132. 

TUZ SULUB A. & BRULE T., 2015. - Spawning aggregations of 
three protogynous groupers in the southern Gulf of Mexico. J. 
Fish. Biol. ,86: 162-185. 

WALLACE R.A. & SELMAN K„ 1981. - Cellular and dynamic 
aspects of oocyte growth in teleosts. Am. Zool., 21: 325-343. 


92 


Cybium 2016, 40(1) 


